Vibronic coupling in asymmetric bichromophores: theory and application to diphenylmethane-d(5).
A theoretical model based on Fulton and Gouterman dimer Hamiltonian [J. Chem. Phys. 35, 1059 (1961)] is used to understand the jet cooled spectra of partly deuterated diphenylmethane (DPM-d5), reported in adjoining paper by Zwier and co-workers ["Vibronic coupling in asymmetric bichromophores: Experimental investigation of diphenylmethane-d5," J. Chem. Phys. 141, 064316 (2014)]. The model is extended to include multiple vibrational modes, vibrational asymmetries between the monomers, and inter-monomer modes. Time dependent density functional theory and equation of motion coupled cluster electronic structure calculations are used to obtain parameters for the model Hamiltonian. The monomer units for DPM-d5 are toluene and partially deuterated toluene-d5. The comparisons of modeled and experimental spectra show that the model captures the vibronic effects on a multitude of observables, including anomalously intense vibrational states, transition dipole moment directions, and localization/delocalization phenomena of both the vibronic and electronic wavefunctions. Following the success of the model, a qualitative picture of vibronic coupling in DPM-d5 is built using only three active vibrations. This illustrates the ability of the model to not just qualitatively predict but also phenomenologically explain the vibronic effects observed in spectra of complex bichromophores.